Labelling of CP n E 4 /K 4 derivatives with Atto dyes
Purified lipopeptides were dissolved in HPLC-grade acetonitrile (MeCN) and 1.1 equivalents of the appropriate dye (Atto-655 maleimide or Atto-488 maleimide) were dissolved in the same solvent. The two solutions were mixed and stirred in the dark for 1 hour before being diluted so the volume of MeCN was <20% of the total volume. Any unbound dye or unlabelled lipopeptide was subsequently separated from the labelled lipopeptide by HPLC purification using a C4 preparative column. A gradient of 25 -95% MeCN in water over 30 minutes was employed. The fractions containing dye-labelled lipopeptides were pooled and the MeCN was removed by rotary evaporation before freeze-drying yielded the purified dye-labelled lipopeptides.
Labelling of E and K peptides with Atto dyes. The labelling of the non-lipidated peptides was performed by dissolving the peptides in PBS, pH 7.4 and adding this to 1.1 equivalents of the appropriate Atto dye in MeCN. The resulting solution was stirred in the dark for 1 hour before being diluted so the volume of both MeCN and PBS was <20% of the total volume. The labelled-peptide was separated from unbound dye and non-labelled peptide by HPLC using a C18 column and a gradient of 20-80% MeCN in water over 20 minutes. The fractions containing dye-labelled peptide were freeze-dried.
Preparation of giant unilamellar vesicles (GUVs)
GUVs were prepared by electroformation described in detail in. 2 Briefly, appropriate volumes of lipids in CHCl 3 and lipopeptides dissolved in methanol:chloroform 1:1 (v/v) for diffusion studies or DiD dissolved in methanol for FRET measurements were mixed in glass tubes and spread on two hollowed titanium plates. All mixtures contained in addition 2 mol % of biotinylated DOPE.
The remaining solvent was evaporated by mild heating of the plates, followed by putting the samples into vacuum for at least 1 hour. An electroformation chamber, consisting of the two hollowed plates, was filled with 255 mOsm sucrose solution and sealed with parafilm. The electroformation of vesicles was conducted at 45 °C. An alternating electrical field of 10 Hz, 4V, was applied for the first 50 min, 2 Hz, 4 V for additional 20 min. Figure 6 in the manuscript).
Brief principles of selected methods

Determination of the distances of peptide segments of CP n K-Atto-488/CP n E-Atto-488 from the lipid-water interface by FRET (
The distances were determined by fitting time-resolved fluorescence (TRF) decays to a model that assumes homogeneous distribution of donors in two parallel planes and acceptors in two other parallel planes (Figure S1 for an explanation). 3 The donors were represented by Atto-488 fluorophores attached to the C terminus of either CP n E or CP n K lipopeptides whereas the acceptors were represented by a lipid analogue DiD. The latter probe has a chromophore located at the lipid-water interface. In such case, FRET occurs between a plane of donors and two different planes of acceptors that are transversally separated from the former plane by d l-m or d l-m + d ( Figure S1 ). Here, d is the thickness of the bilayer, which is given by the transversal distance between both acceptor planes, and d l-m the distance between the plane of donors (represented by Atto-488 attached to either CP n E or CP n K) and the lipid-water interface. The efficiency of FRET depends on the probability that a donor initially excited at the time t = 0 is still excited at the time t = t later. This probability is called the survival probability G(t) and for the case of energy transfer occurring between two parallel planes (a so-called inter-FRET) separated at a distance d and containing isotropically oriented probes equals , (S1)
where and . 3 θ r stands for the angle between the bilayer normal and the = 3 ( 0 ) 6 1 2 = 2 cos 6 3 vector connecting the locations of the donor and acceptor dipoles, τ for the average fluorescence lifetime of the donor in the absence of acceptors and C 2 for the reduced surface concentration of the acceptors. C 2 determines the average number of acceptors found at maximum at the distance R 0 (a so-called Förster radius) from a donor. For a molar acceptor to lipid ratio (= N acceptor /N lipid ) and a known value of the lipid headgroup area (= a 0 ), C 2 is given by .
The overall efficiency of FRET is determined by the joint probability G tot (t), which for the given spatial arrangement equals
This function steps in into the final expression that describes the fluorescence decay of the ( ) donors in the presence of the acceptors
represents the decay of the donors in the absence of FRET. The distance
of a peptide segment of CP n K-Atto-488 or CP n E-Atto-488 from the lipid water interface d l-m was determined by fitting TRF decays to Equation S3. 
The analysis of z-scan FCS (fluorescence correlation spectroscopy) and FCCS (fluorescence cross-correlation spectroscopy) diffusion data (Figures 3, 4 and 5 in the manuscript).
Z-scan FCS is a technique by which absolute diffusion coefficients D in a lipid bilayer are obtained. 4 The method is based on measuring fluorescence autocorrelation functions (ACF) at well-defined positions along the z optical axis of a microscope. The acquired ACFs are fitted to a model that assumes Brownian diffusion of a dye in a plane and transition of the dye to the triplet state 5
(S4)
Here is a so-called lag-time, PN is the particle number denoting the number of fluorescent probes in the focal spot, the mean diffusion time, which equals the average time it takes to the probe to diffuse from the center of the spot to its boundary, T the fraction of the dye in the triplet state and the lifetime of the triplet state. Due to the Gaussian beam profile, and PN values 2 follow a parabolic dependence on , which allows for determination of D according to 4 ∆ , (S5)
where n is the refractive index,  is the excitation wavelength and the distance between the ∆ actual sample position and a reference position.
Similarly, FCCS is based on the analysis of cross-correlation functions (CCF), which can be obtained by correlating a signal from one detector (e.g. the green one, F g ) with the signal from a second detector (e.g. the red one, F r ) according to 6 .
The amplitude of a CCF is then given by , (S7) where G rr (0) is the auto-correlation amplitude obtained from the red channel. Correction of is necessary to account for imperfect overlap of the green and red excitation volumes. In The brightness analysis (data shown in Table S1 )
The brightness analysis desribed in more detail in 7 allows for the determination of the number of emitting molecules in a moving object. It can thus be used to measure the size of an oligomer in terms of the number of fluorescently labelled molecules the cluster consist of:
Here, is the brightness of a cluster and is the brightness of a monomer at (S10)
The center of the lipid bilayer can be found by the z-scan approach (see above).
Supporting experiments
Binding of E and K to DOPC/DOPE/Chol (50/25/25 mol%) bilayer
Stronger binding of the peptide K 4 
Homo-clustering of the lipopeptides as seen by FRET
FRET always leads to shortening of the average fluorescence lifetime from to . Both interface (see the manuscript for determination of these values) the latter dependence can be calculated (Equation S1-S3 and Equation S12 and S13) and compared with the experimental one.
Because of structural similarities between the donors and acceptors it could be assumed that the donors and acceptors were found in the same plane. In such a case FRET takes place within the same plane (a so-called intra-FRET) and between two planes separated by a distance d + 2d l-m (see Figure S1 for explanation). Such considerations yield the joint probability , (S12)
where G intra denotes the survival probability accounting for intra-FRET 3 .
(S13) ln ( ) = -2 Γ ( 2 3 )( ) 1 3 In Equation S13 Γ stands for the gamma function. Brightness measurements which enable determination of the number of monomeric units in a cluster by comparison of the brightness of a monomer with that of a cluster supported the negative conclusion about homo-coiling (Table S1 ). The brightness of a CP 12 E 4 /CP 12 K 4 monomer was, within an experimental error, the same as the brightness of a 'cluster' (= homocoil). 
Homo-clustering of the lipopeptides as seen by the brightness analysis and FCCS
Distribution of the peptide segments of LPs along bilayer's normal
Broad distribution of the peptide segments of LPs along bilayer's normal follows from the difference in the time-resolved fluorescence (TRF) decays obtained from individual GUVs (see Figure S5 ). Fitting the average TRF decays yielded information about the average distances d l-m of the peptide segments from the lipid-water interface ( Table S1 ). 
